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A working fluid purification system 

The present invention relates to energy conversion systems employing a working fluid, and more 
particularly io the removal of impurities from such fluids- 

In many conventional enemy conversions systems operating as closed systems and employing an 
expansion device such as a turbine, e.g- Ranklne cycle systems, a working fluid is employed, which 
passes through various stages in the system and is normally in liquid form at some point. 

Typically, when the system is Initially filled, the working fluid is a liquid, and there Is therefore the rest 
of the system that must be filled with a gas t such as nitrogen, 

A problem with such systems is thai, if there ere non-condensable gases present during the running of 
the system, the Overall performance can be substantially reduced. This is because, for example with a 
turbine-based system, the pressure that the turbine gas expands to on exit must be as low as 
possible, in order tp make the turbine pressure ratio (pressure at input : pressure at exit) as high as 
possible. 

Techniques for attempting to deal with this problem have been disclosed in US patents 5,11 9,635 and 
5,487,765. However, these Impose the additional requirement of a separate apparatus for pumping 
gases out of the condenser* cooling them to condense the working fluid and leave undesirable non- 
condensable gases, and then pumping the liquid working fluid back into the system. ,, 

The present invention seeks to provide a much simpler and easily Implemented system for removing 
impurities from a working fluid. 

The present Invention provides a working fluid purification system for an energy conversion system, 
the energy conversion system being a closed system with a circulating working fluid circulating in a 
path therethrough and Including an expansion device* for example a turbine, comprising: an expansion 
tank; a diaphragm within the expansion tank, thereby defining a variable volume connected for 
receiving said working fluid; and a control valve disposed between said path and the expansion tank, 
the control valve being adapted to control the flow of fluid to and/cr from said variable volume: wherein 
the' control valve Is connected via a conduit to a connection point in the path, said connection point 
being at the highest point of said path. 

Preferably, the control valve ts mounted at a higher point than said connection point. Preferably, the 
expsnsion tank is mounted at a higher point than said control valve. 

The system preferably further Includes a controller, the controller being adapted to open and close 
said control vaive. Preferably, the controller is configured to perform a purification Cycle, said 
purification cycle comprising opening the control valve for a first predetermined period and closing the 
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control valve for a second predetermined period. Preferably, the controller Is configured to perform, in 
a start-up sequence of predetermined duration after switch«on of the system, a plurality of said 
purification cycles. Preferably, the plurality of purification cycles comprises about 3 to S purification 
cycles. Preferably, the first predetermined period is about 1 minute and said second predetermined 
period Is about tan mlnutes- 

The system preferably further includes e pressure sensor coupled to the controller; wherein the 
controller is configured to perform at least one purification cycle when the pressure indicated by the 
sensor is above a predetermined level. Preferably the pressure sensor ts arranged to sense the 
pressure at the exit of a turbine (expansion device). 

In another aspect of the invention there is provided an energy recovery system for extracting electrical 
energy from a source of heat, comprising: the working fluid purification system of any of the appended 
claims, a turbine, a heat exchanger, an electromechanical conversion unit, and a cooling system, the 
heat exchanger supplying, in use. the working fluid to said turbine. 

The present Invention will now be described, by way of example, with reference to the accompanying 
drawings in which; 

Figure 1 is shows (a) schematic overview of an energy recovery system in accordance with one 
aspect of the invention, and (b) intermediate electronics modifying the output of the alternator; 
Figure 2 is a schematic illustration Qf the derivation of one source of waste in one aspect of the 
Invention: 

Figure 3 illustrates in more detail the turbine untt and alternator of Fig. 1 ; 
Figure 4 Is an enlarged view of the turbine bearing in Fig. 3; 

Figure 5 shows in more detail the bearing member employed In the bearing in Rg. 4, indicating fluid 
flows; and 

Figure 6 Illustrates an alternative (magnetic) coupling of the turbine unit and alternator of Fig. 1, In 
another aspect of the invention. 

Turning to the drawings, Fig. 1(a) is a schematic overview of an energy recovery system in 
„ accordance with one aspect of the invention. A main heat exchanger 102 has at least one source fluid 
inlet 104 through which It receives a heated source fluid incorporating the thermal energy thai is 
sought to be recovered by the system. The temperature of the source fluid upon entering the main 
heat exchanger 1 02 Is designated t1 . 

The main heat exchanger 102 may be driven by any source of heat, and examples of the source fluid 
include hot a)r t steam, hot oil. exhaust gases from engines, manufacturing process waste hot fluid, etc. 

Alternatively, the heat source may be solar thermal energy that heats a suitable fluid (e.g. heat transfer 

on) that forms the source fluid for the main heat exchanger 102. 
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Referring briefly to Fig. 2, this is a schematic Illustration of the derivation of one source of waste in one 
aspect of the Invention: an Important example of wasted energy is the ubiquitous Internal combustion 
engine, be It petrol, dtesel or gas fuelled, reciprocating or turbine. The best simple cycle fossil fuelled 
engine (other than very large power stations or marine engines) will be between 35-40% efficient: this 
means that 60-65% of the energy from the fuel used to drive the engine is lost as waste heat. 

Returning to Fig. 1(a), the source fluid exits the main heat exchanger 102, at a reduced temperature 
t2, via at least one source fluid outlet 106. 



The main heat exchanger 1 02. Which te suitably of the cross counter flow type, also has a working fluid 
inlet 108 and working fluid OUUet 110, through which ft receives (as a liquid at temperature 13) and 
despatches (at temperature H), respectively, the working fluid of the system. The working fluid, which 
is heated and vapourlsed within the main heat exchanger 102, Is carefully chosen so that its 
thermodynamic and chemical properties are suitable to the system design and the operational 
temperatures and pressures. In one embodiment, the working fluid is HFE-7100. 

After exit from the working fluid outlet 110 of the main heat exchanger 102, the gaseous working fluid 
flows in the direction of arrows A to the turbine inlet 112 of turbine unit 114. The working fluid arrives at 
the turbine unit 114 at pressure p1, loses heat and pressure In driving the turbine (not shown) 
mounted on turbine shaft 116 within th^ turbine ur?it 114, and exits the turbine unit 114 via turbine 
outlets 118 at pressure p2, which te substantially lower than p1 . In one embodiment, the pressure p1 is 
i 1 .5 bar absolute and the pressure p2 is 1 .0 bar absolute. x 

In one embodiment, the turbine shaft 116 is mounted on a bearing (not shown) and is mechanically 
coupled to an alternator 120, e.g. the turbine and alternator armature {not shown) are mounted on a 
common shaft 116. In this way, high-Speed rotation of the turbine shaft 116 causes electrical energy to 
be generated in the alternator 120, the consequent voltage appearing at the alternator output 122. The 
coupling of the turbine Shaft 116 to the alternator 120 is described further herelnbelow with reference 
to Figs 3 to 5. 



After exit from the turbine outlets 118, the working fluid travels in the direction of arrows B to inlet 124 
ofa second heat exchanger 1 26, whichactsasa preheater ofthe working fluid using the turbine 
exhaust. The working-fluld-is therefore Input tother second heat exchanger 126 at temperature t5 and 
exits via outlet 128 at a lower temperature t6. At the same time, the second heat exchanger receives 
another flow of working fluid (in the direction of arrows C), below its boiling point and in liquid form, via 
Inlet 130 at temperature t7. In the second heat exchanger 126, thermal energy Is transferred to the 
flow of working fluid arriving at Inlet 130, the working fluid exfls via outiet 132 at temperature t3, and 
flows (in the direction of arrows D) to the inlet 108 ofthe main heat exchanger 102. 

The system also includes a condensing unit (or water cooler) 134, in which cold water arrives via inlet 
136 and exits via outiet -138. In operation, working, fluid from the second heat exchanger 126, flowing 
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fn the direction of arrow E. arrive In the condensing unit 134 via inlet 140, is cooled and condensed 
into a liquid in the condensing unit 134. end then departs via outlet 142. This liquid working fluid (at 
temperature 17). is f Qroad by pump 144 vfca valve 146 in the direction of arrows C and forms the 
second supply of working fluid arriving at second beat exchanger 126. to begin the cycle ail over 
again. In one embodiment a separate fluid line 160 delivers liquid working fluid to the bearing coupling 
the turbine unit 114 and the alternator 120* for lubrication. 

Thus, the system operates on a Rankin e cycle and is sealed, so that there is no escape or 
consumption of the worthing fluid* which simply cycles through its various phases. 

In one embodiment, the system includes a corttro! system 150. to control the p ower a utput by the 
system. Most existing Rankine cycle machines are low speed units with synchronous alternators, 
running at the same frequency as the grid supply. Turbine speed and power control is generally by 
valves to bypass the turbine. However, the system according to one aspect of the present invention 
employs a high-speed alternator 120* and a power-conditioning unit is preferably used to convert the 
high frequency alternator output to mains frequency. 

More specifically, the control system includes intermediate electronics 151. a power conditioning unit 
(PCLfJ 152 and a controller 154. The power output by the alternator 120 at outputs 122 is at a very 
high frequency, due to the high-speed rotation of the turbine shaft* and is modified by intermediate 
electronics 1 51 , which is described in more detail in Fig. 1 (b). 

Referring to Fig. 1(b), the outputs 122 of the alternator 120 are connected to the inputs 160 (three of 
them, for a 3-phase alternator) of intermediate electronics, generally designated 151. The first stage of 
intermediate electronics 151 Is an optional transformer stage 162. for boosting the voltage on each of 
the lines: this ensures, when needed, that there is sufficient dc voltage eventually appearing at the 
PCU 1 52 that a complete 240 V sine wave fas per UK mains supply) can be generated at me output of 
the PCU 152. In certain embodiments, however, the voltage level output by the alternator 120 is high 
enough such that the transformer stage 162 can be omitted. 

Next, the voltages output by the transformer stage 162 at 164 pass to a rectification stage 166, 
comprising a set of six rectification diodes 168» as Is well known in the art. Thus, a rectified, near dc 
voltage is supplied at outputs 170 of the rectification stage 166. and this, in normal operating 
conditions appears at the outputs 172 of the intermediate electronics 151 . 

In the event of a sudden loss of grid connection all alternator load will be lost. This could cause a 
significant overspeed of the alternator 120 f and so as well as a dump'valve (not shown) to bypass the 
turbine, the intermediate electronics 151 Includes a safety stage 174 that includes a dump resistor 158 
to supply a load to the alternator 120 in the event of loss of grid connection, to prevent overspeed. 
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A transistor 176 is in series with the dump resistor 168 across the outputs 172, with the base b of the 
transistor 176 being driven by en overspeed detection unit {not shown). The tatter supplies a PWM 
signal to the transistor 176. the duty cycle of which is proportional to the extent of overspeed, so that 
ihe higher the overspeed the greater the toad applied by the dump resistor 158. 

As can be seen in Fig. 1(b), the power supplied at outputs 172 (referred to herein as dc bus) is at 
voltage V and current I, and this is supplied to thB PCU 152. The PCU 152, which is known in the art, 
is adapted to convert power from do to ac at Ihe mains frequency (50 Hz In UK) and voltage (240 V in 
UK). The PCU in turn is able to very the do bus voltage so as to adjust the power output of the system. 

Varying the do bus voltage (V in Fig. 1(b)) in the power conditioning unit 152 controls the speed of the 
turbine shaft 116. Reducing the bus voltage increases the load on the alternator 120, causing more 
current to be drawn from the alternator. Conversely, increasing the bus voltage causes the alternator 
current to drop. By calculating the power (e,g, using P=Vt, or using a power measuring device) before 
and after the bus voltage change, it can be determined whether the power was increased or 
decreased by the bus voltage change. This allows the point of maximum power output from the 
alternator 120 to be found and then continually •tracked* by altering the bus voltage. 

-» 

In one embodiment, the voltage supplied by the alternator at no load is 290Vac (all voltages are 
measured line-to-line) on each of the three phases at 46.000rpra. the maximum rated speed of the 
alternator 120. The lowest speed at which power can be generated is 28,000rpm. at which point the 
voltage is 180 Vac at no load. Increasing the toad will also reduce the alternator voltage: for example 
at 45,000 rpm the voltage will be 21 0 Vaa at 6.3 KW. * 

•J 

The control of power output by varying Ihe bus voltage may be Implemented by suitable analog of 
digital electronics, microcontroller, orthe like. It may also b a controlled manually using a personal 
computer (PC) as the controller 154. Preferably, however, the power output is controlled automatically 
using a suitably programmed PC or other computing machinery as the controller 154. In either case, 
the PC communicates with the PCU 152 by means of a RS232 serial communications device, 
although a RS422 or RS485 adapter could also be used, as Is known in the art. The PC may thus, at 
any time, have a reading Of V and I, thereby enabling the instantaneous power to be known. 

In t he c ase o f a utomatic P C c ontrol. t he m ethod o f c ontrol m ay b e b y m eans o f s ultable s oftware 
implementing the following. 

While system is ON do 

Increase bus voltage by one voltage step 

Measure new power (=VI) 

if new power less than or equal to old power then decrease voltage by one voltage step 
do 

decrease voltage.by one voltage step 

-5- 



27/08/20B3 18:23 +49-89-207B283B1 

.Applicant: FroepOwer LW 

Attorney's reft FP01H07/P-GB 

measure new power 
while new power more than old power 
else do 

increase voltage by one voltage step 

measure new power 

while new power more than bid power. 

it will be appreciated by persons skilled in the art that the size of the voltage step is determined by 
operating conditions and is a suitably determined small fraction (e.g. 1-2.5%) of the mean bus voltage. 
In on embodiment, the voltage step change is made about every second. 

One other optional feature Incorporated in the system is a working fluid purification system, generally 
designated 170 In Rg, 1 T As mentioned hereinabove, if there are non-condensable gases present 
during the running of the system, overall performance can be substantially reduced, i.e. the pressure 
ratio of the turbine is lower than it should be. For example, in the turbine mentioned in the examples 
herein, the input pressure p1 is projected to be 20 bar, and if the output pressure p2 is 2 bar rather 
than the intended 1 bar. the pressure ratio is 10 rather than 20. giving significantly reduced 
performance. 

A difficulty is that when filling the system initially, the working fluid is a liquid and the rest of the system 
must be filled with a gas., for example nitrogen. When performing this step the pressure can be 
reduced to below atmospheric pressure to reduce the mass of nitrogen in the system. However, the 
pressure canngt be reduced too much, or cavitation will occur in the pump. Therefore, the optimum 
way to remove the unwanted gas from the system is during the running of the system. 

The working fluid purification system 170 includes a conduit 172 connected at one end to a point Q on 
the second heat exchanger (preheater) 126 and at the other end to control valve 174 which may be at 
the base entry/exit port 17$ of an expansion tank 176, which, in one example, may be the type of 
expansion tank used in central heating systems. The expansion tank 176 has a flexible membrane or 
diaphragm 178 so that it may tn its lower part contain a variable volume V of gas and/or liquid. 

In the example (6kW system) mentioned hereinafter, the measurements are as follows. 
System volume 70 litres 

Fluid volume 18 litres 

Expansion tank volume 50 Dtres 

As can be seen, when the system is initially filled with fluid, there will be 52 litres of nitrogen. Lowering 
the pressure of this gas with a vacuum pump reduces the amount of gas that has to be held in the 
expansion tank 176. meaning that ft can be made smaller. This pumping also causes the diaphragm 
178 expand downwards into the expansion tank, making the whole of the tank, or nearly aD of it, 
ayaif able for receiving g?ses,. 

-6- ' 
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As nitrogen gas has a lower density than that of the working fluid vapour, it tends to accumulate at the 
highest location within the system. At thte point <Q in Fig. 1). the fluid can be taken away to the 
expansion tank 176. the diaphragm 178 allowing expansion to take place, enlarging volume V; i.e., 
Wllh the control valve 174 open, the gases are allowed to move slowly into the expansion tank 176. As 
the nitrogen has a lower density than the working fluid, most of the contents of the expansion tank 176 
will ba nitrogen, with just a little working fluid. 

Once the valve 174 has closed, the expansion lank 176 and its contents cool down naturally, causing 
the working fluid to condense. The next time the control valve 174 is opened, the {now liquid) working 
fluid flows back under gravity back into the main circuit of the system (via control valve 174 and 
conduit 172». while the non-condensable gases tend to stay in the expansion tank 176 due to their 
tower density. A cycle of (a) control valve OPEN for a fixed period, followed by (b) control valve 
CLOSED for a fixed period is used to purify the working fluid, and this cycle may be repeated several 
times (for example about 3 to 6 times), during the start up of the energy recovery system, to collect as 
much nitrogen in the expansion tank 176 as possible. In the aforementioned (6kW) system, the control 
valve 174 is opened for one minute and then closed for ten minutes. The opening and closing of the 
control valve 174maybe performed manually.orit maybe performed automatically by a suitable 
controller, in this case controller 154. 

The system preferably a Iso includes a pressure Sensor coupled to the controller 1S4, the pressure 
sensor being positioned to sense the pressure at the exit of the expansion device (turbine); and the 
purification cycle may be repeated if pressure starts to build up during normal running of the system" 
and It is detected at the pressure sensor that the pressure has exceeded a predetennlned safe 
threshold. 

Figure 3 illustrates In mora detail the coupling of the turbine unit and alternator of Fig. 1(a). Here, the 
turbine unit is generally designated 1 14 and the alternator generally designated 120. The turbine shaft 
rotates about an axis 302 and is integral with a section 304 that forms part of the rotor 306 of the 
alternator 120. Generally partial cylinder permanent* magnets 308 are disposed on the section 304 of 
the shaft 116. Retaining the magnets 308 In position on the shaft 116 is a retaining cylinder 309: this 
retaining cylinder (made of a non-magnetic material such as CFRP) ensures that the magnets 308 are 
not dislodged during high-speed rotation of the shaft 116. JThe stater 31 1 , incorporating a plurality of 
windings (not shown) in which Current is generated, is mounted around the rotor 308. as is well known 
in the art. and is enclosed within housing 310. The section 304 of the shaft 1 16 Is supported at one 
end of the housing 310 by journal bearing 312. and at the other end by the bearing generally 
designated 314, which is described In more detail hereinafter. 

Figure 4 is an enlarged view of the turbine-bearing coupling in Fig. 3. As can be seen, the turbine unit 
1 14 includes a first turbine stage 402 and a second turWne stage 404. High pressure heated working 
flu«d presents pressure pi) in the space 406 within the turbine unit housing 408 enters via inlet port • 



27/08/2803 IB: 23 +49-93-207028301 mrmmuni^ ... 



Applicant Freepoww Ltd 
Attorney's rof; FP01H07/P-GB 



410 of the first turbine stage 402 end flows In the direction of arrow F so as to be Incident upon a first 
series of vanes 412 securely mounted on the shaft 1 16. The fast flowing working fluid thereby imparts 
rotational energy to the shaft 1 1B. Upon exiting the first turbine stage 402 (at pressure p3), the working 
fluid flows ir» the direction of arrows G. 

Next, the working fluid at (intermediate) pressure p3 (which is substantially less than pi. but still 
relatively high) passes, via conduit 413. to the next turbine stage 404. Here, the working fluid enters 
via inlet port 414 of the second turbine stage 404 and flows in the direction of arrow H so as to be 
incident upon a second series of vanes 416 securely mounted on the shaft 116. The fast flowing 
working fluid thereby Imparts further rotational energy to Ihe shaft 116. Upon exiling the second 
turbine stage 404 (at pressure p2), the working fluid flows in the direction of arrow J. Thus, p1 > p3 > 

02. 

As can be seen, the axial and radial dimensions of the vanes 416 of the second turbine stags 404 are 
greater than those of the vanes 412 of the first turbine stage 402. In one embodiment, there are two 
turbine stages of equal diameter, and the axial dimension of the first turbine stage Is 3/10 of the 
diameter, and the axial dimension of the second turbine stage is 4/10 the diameter. In another 
embodiment, there are three turbine stages. The diameters of the first second and third turbine stages 
are in the ratio 4 : 5 : 6. The axial dimension of the first turbine stage is 0.375 x the respective 
diameter. The axial dimension of the second turbine stage is 0.35 x the respective diameter. The axi&l 
dimension of the first turbine stage is 0 .33 x the respective diameter. . 

A washer 418 Is provided fixedly attached to a shoulder 420 of toe turbine stage 404 and has its other 
surface abutting a bearing member 422, which Is described In more detail hereinafter, and In 
operation, the working fluid permeates toe space between toe washer 418 and the bearing member 
422, so as to provide lubrication. 

The bsaring member 422 haa a generally T-shaped cross-section, it includes a first bearing surface 
424 on a raised portion on the top of toe T; and In use, this surface is disposed opposite a second 
bearing surface 426. of s ubstantksliy the same annular s hape and size, on the s haft 1 16 near the 
armature section 304. The bearing member 422 has a central cylindrical channel 428, thereby defining 
a cylindrical third bearing surface 430 on bearing member 422 that is disposed opposite fourth bearing 
surface 432 on the outside of shaft 1 16. A fifth bearing surface 434 is provided on the bearing member 

422 on the end thereof opposite the first bearing surface 424, and this is disposed opposite a 
respective surface of toe washer 418. tn one embodiment, the working fluid permeates all the spaces 

defined opposite bearing surfaces 424, 430 and 434 of bearing member 422, thereby providing 

lubrication of the bearing. In one embodiment, toe working fluidtte provided as a liquid from the pump 
144 (see Fig. 1(a)) via a fluid pipe 160. separate from toe main flows, communicating with the outer 

surface of the bearing member 422. 
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H will be appreciated that the bearing In this fbim provides a bi-directional thrust bearing: the bearing 
member 422 has two bearing surfaces 424 and 434, enabling It to receive thrust in two directions. 

Figure 5 shows (n more detail the bearing member 422 employed in the bearing In Fig, 4, indicating 
fluid flows. Figure 5(a) is an end view showing the first bearing surface 424. The flange 502, forming 
the top of the T> Is provided with two screw holes 504 enabling the bearing member 422 to be screwed 
or bolted to the housing 310 Of the alternator 120. Six equally spaced radially extending first elongate 
recesses (slots) 508 are disposed in the first bearing surface 424, extending from radial inner 
extremity of the first bearing surface 424 towards the outer radial extremity of the fire bearing surface 
424, enabling the passage of lubricant fluid. As can be seen in Fig. 5(b), each recess 606 does not 
quite reach the outer extremity 508 OF the first bearing surface 424. In the embodiment of Fig. 5(a), 
each recess 506 is provided with an axially extending second lubrication channels 510. which extend 
to a circumferential recess (or groove) described hereinafter. 

In other embodiments, there may not be a second lubrication channel 510 in each recess 506: for 
example, Fig. 5(c) Illustrates the case where a second lubrication channel 510 is provided in only two 
of the recesses 506. * 

Referring to Fig r 5(d), a drcumferentially extending recess (groove) 512 Is provided in the outer 
surface .514 of bearing member 422. It can been seen that first lubrication channels 516 (here, four of 
them, equally cincumfereniially spaced) extend between the circumferentrally extending recess 512 
and the interior of the bearing member 422, allowing passage of lubrication fluid. As best seen in Fig. 
5(e), the second lubrication channels 510 extend between the first bearing surface 424 and the 
circumferential recess S12. The ends of the second lubrication channels 510 are also shown in Fig. 
5(f). The latter figure also show* a plurality (here six) of second elongate recesses (slots) 516 
disposed in the fifth bearing surface 434. Two of the second elongate recesses 516 have second 
lubrication channels extending therefrom to the aforementioned circumferential recess 512. Figure 
5(g) is a partial cross-section showing the recesses and channels In another way. 

Returning to Rg. 5(e), the lubrication fluid enters the bearing member 422 in the direction of arrows K. 
The fluid flow® in the direction of an-owe L to Hie first elongate recesses 506 on the first bearing 
surface424 1 In the direction of arrow M tothasecond elongate recesses 5 16 on the fifth bearing 
surface 434, .and ta.fhe-direction of arrow N (into the paper) -to the interior of the bearing member and 
the third bearing surface 430. thereby lubricating the bearing. 



Example 1 

The specific values for one example (6kW version) of the system are set out below. All pressures are 
in bar (absolute). All temperatures are in °C. The working fluid is HFE-7100. 



t1 


t2 


t3 


t4 


15 


t6 


tr 


180.0 


123-4 


111.0 


165.0 


130.0 


65.0 


55.0 
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p1 


P2 


P3 


11.S 


1.0 


3.4 



Example 2 

The specific values for a second example (12DkW version) of the system are set out below- Al! 
pressures are In bar (absolute). All temperatures ere in °C. The working fluid is hexane. 



t1 


t2 


13 


w 


ts 


16 


t7 


225.0 


138.8 


123.8 


210.0 


145.9 


74.0 


64.0 



P1 


P2 


P3 


1S.5 


i.o 





The results from the system demonstrate a very useful thermodynamic efficiency (usable electricity out 
to heat in) for the heat recovery and solar thermal industries — 10% for a source fluid Input at 110°C 
to 22% for a source fluid input at 270°C. 

Referring to Figure 6, this illustrates an alternative (magnetic) coupling of the turbine unit and 
alternator of Fig. 1(a), In another aspect of the invention. The view in Rg. 6(a) ts an axial cross-section 
of the coupling, showing a first rotary member 602 formed of turbine shaft 604 and a first magnetic 
member 606. In turn, the first magnetic member 606 comprises an armature portion 608, made of 
steal or Iron, integral with the shaft, and a plurality of magnet sections 61 0, to be described further 
hereinbelow. 

The first rotary member 602 Is hermetically seeled inside a housing 612 that contains the turbine {not 
shown) and working fluid, the housing including a cylindrical portion 614 containing the first magnetic 
member 606. At least the portion 614 Is mede of a non-magnetic materiel, such as stainless steel, 
nimonlc alloy or plastic. 

A second rotary member 615 comprises e second shaft 616 and a generally cylindrical second 
magnetic member 620 integml therewith, The second magnetic member in turn comprises an outer 
supporting member 622 having a plurality of second magnet sections 624 fixedly attached to the 
Interior thereof. 

As best shown In Fig. 6(b), the first rotary member 602 may have a composite containment shell 626 
around at least the cylindrical part thereof, so as to maintain the first magnet sections 610 in place 
during high-speed rotation. The containment shell may be made of a composite such as carbon fibre 
reinforced plastic (CFftp), kevlar, or glass fibre reinforced plasflc (GRP). 

Figure 6(c) Is a transverse cross-section at A-A in Fig. 6(a). This shows the first magnet sections 610 
and second magnet sections 624 in more detail; in this case thero are four of each. The magnet 
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sections ere elongate, with a cross-section similar to the sector of a disc. The magnet sections are 
permanent magnets formed of a suitable [material, such as ferrite material, samarium cobalt or 
neodymlum Iron boron. The direction of the North-South direction for the magnet sections is radial, as 
schematically illustrated In Fig. 6(d)- 

Turning to Fig. 6(e), this shows an alternative embodiment, in which the first magnetic member 60S 1 
and the second magnetic member 620* are substantially disc-shaped. The first magnetic member 606' 
comprises a first mounting section 628 and first magnet sections 610*, and the second magnetic 
member 620' includes a second mounting section 630 and second magnet sections 624'. As before, a 
non-magnetic portion 6t4' of the housing (similar to 614 and made of the aforementioned non- 
magnetic material) separates the feces of the disc-shaped magnetic members 605' and 620*, which 
are in dose proximity. 

The arrangement of the potes for the magnet sections one or both of the first and second magnetic 
members 606\ 620' is illustrated schematically in Fig, 6(f), As also illustrated in Fig. 6(g). the polarity 
of the fee© of the magnet sections 610* (or 624') alternates as you go langentially from magnet section 
to magnet section. 

These magnet arrangements permit coupling and transfer of rotational energy and torque from, the 
turbine shaft 604 to the Shaft 6.1,8 of the alternator, and are adapted to do so at relatively high speeds, 
e.g. 25,000 to 50,000 fpm. 
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Claims: 

1. A working fluid purification system for art energy conversion system, the energy conversion 
system being a closed system with a circulating working fluid circulating in a path therethrough and 
including an expansion device, for example a turbine, comprising: 

an expansion tank; 

a diaphragm within the expansion lank, thereby defining a variable volume connected for 
receiving said working fluid; and 

a control valve disposed between said path and the expansion tank, the control valve being 
adapted to control the flow of fluid to and/or from said variable volume; 

wherein the control valve is connected via a conduit to a connection point In the path, said 
connection point being at the highest point of said path. 

2. The system of claim 1, wherein the control valve is mounted at a higher point than said 
connection point. 

3. The system of claim 1 or 2, wherein the expansion tank is mounted at a higher point than said 
control valve, 

4. The system of any of the preceding claims, farther including a controller, the controller being 
adapted to open and close said control valve. 

5. The system of claim 4, wherein the controller is configured to perform a purification cycle, said 
purification cycle comprising opening the control valve for a first predetermined period and closing the 
control valve for a second predetermined period. 

6. The system of claim 5, wherein the controller is configured to perform, In a startup sequence 
of predetermined duration after switch-on of the system, a plurality of said purification cycles. 

7. The system of claim 6, wherein said plurality of purification cycles comprises about a to 5 [or 
what?] purification cycles. 

9. The system of claims 5 to 7 r wherein the first predetermined period Is about 1 minute and said 
second predetermined period Is about ten minutes. 

9. The system of any of the preceding claims, further including a pressure sensor coupled to the 
controller; wherein the controller is configured to perform at least one purification cycle when the 
pressure Indicated by the sensor is above a predetermined level, 

10. A working fluid purification system substantially as hereinbefore described with reference to 
the accompanying drawings. m . m 
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11, An energy recovery system for extracting electrical energy from a source of heat, comprising; 
the working fluid purification system of any of the preceding claims, a turbine, a heat exchanger, an 
electromechanicai conversion unit, and a cooling system, the heat exchanger supplying, In use, the 
working fluid to said turbine. 
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Abstract 



A working fluid purification system 

A working fluid purification System for an energy conversion system, the energy conversion system 
being a closed system with a circulating working fluid circulating in a path therethrough and including 
an expansion device, for example a turbine. The working fluid purification system comprises an 
expansion tank and a diaphragm Within the expansion tank, thereby defining a variable volume 
connected for receiving tho working fluid. A contra! valve disposed is between the path and the 
expansion tank, the control valve being adapted to control the flow of fluid to and/Of from the variable 
volume. The control valve Is connected via a conduit to a connection point in the path, the connection 
point being at the highest point of the path. When the control valve is opened, the working fluid plus 
impurities (non-condensable gases) move into the variable volume and are allowed to cool. When the 
control valve is then reopened, the condensed working fluid returns back to the system under gravity, 
the unwanted gases remaining in the expansion tank. An energy conversion system incorporating the 
working fluid purification system is also disclosed: removal of impurities Improves the performance of 
such a system. 



(Fig. 1) 
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